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ABSTRACT
Weekly total body energy content (TBEC) was calcu-
lated for 444 Holstein cows in their ﬁrst 3 lactations.
These calculations were based on body lipid and protein
changes predicted from weekly changes in body condi-
tion score and live weight of each cow. In ﬁrst lactation,
cows lost TBEC during the initial 8 wk, regained it by
wk 22, and continued to build up their reserves until wk
37. Cows started lactations 2 and 3 with considerable
reserves from the dry period that they used during the
ﬁrst 13 wk of lactation. Variance components for TBEC
were estimated using random regression analysis
allowing for heterogeneous residual variance. The ge-
netic variance increased within each lactation, sug-
gesting that the genetic component becomes more im-
portant as lactation progresses. The genetic correla-
tions between very early (wk 1 to 4) and later stages
of ﬁrst lactation were near zero but they increased con-
siderably between later lactation stages. Genetic corre-
lations between TBEC on wk 5 of ﬁrst lactation and
the remainder of this lactation ranged from 0.64 for
the more distant weeks to 0.99 for the immediately
subsequent weeks. Genetic correlations with TBEC in
second lactation were moderately high (0.68 to 0.70) for
the early weeks (1 to 8) and decreased gradually to 0.56
for weeks at the end of lactation. For third lactation,
these estimates ranged from 0.53 to 0.63. Genetic corre-
lation estimates of TBEC inwk 12 of ﬁrst lactation with
subsequent ﬁrst-lactation weeks varied from 0.79 to
0.99, whereas they ranged from 0.65 to 0.77 and from
0.57 to 0.68 in second and third lactations, respectively.
The genetic correlation between TBEC in later weeks
of ﬁrst lactation and the rest of productive life increased
as ﬁrst lactation progressed, but the improvement di-
minished.Weekly genetic evaluations for ﬁrst-lactation
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TBEC were used to predict second- and third-lactation
energy content. The accuracy of these predictions in-
creased with progressing weeks in ﬁrst lactation, but
about three-fourths of the improvement occurred by wk
5. Our results suggest that TBEC calculated after a
month from the ﬁrst calving may give useful informa-
tion about the future energy content of a cow.
(Key words: total body energy content, genetic varia-
tion, lactation, dairy cattle)
Abbreviation key: LWT = live weight, TBEC = total
body energy content.
INTRODUCTION
Dairy cows must get sufﬁcient energy from feed in-
take to meet their main physiological requirements
such as milk production, growth, reproduction, mainte-
nance, and general activity. The body energy content
of a cow, at any point in time, depends on energy taken
in, energy dispensed, and energy carried over from pre-
vious lactation stages. If energy dispensed exceeds en-
ergy reserved, then the cow is in negative energy bal-
ance and must catabolize body tissue to meet its energy
requirements. An animal in prolonged negative energy
balance exhibits cumulative body energy loss and be-
comes prone to health and reproductive problems, and
considerable ﬁnancial loss (Beam and Butler, 1998; De
Vries et al., 1999; Kendrick et al., 1999; Collard et al.,
2000; De Vries and Veerkamp, 2000; Reist et al., 2000;
Veerkamp et al., 2000). Furthermore, carryover effects
frequently result in increasing negative energy balance
and associated recurring health and fertility problems
across the cow’s productive life (Coffey et al., 2001).
The energy proﬁle of a cow changes over time re-
ﬂecting, among other things, changes in live weight
(LWT) and BCS. These traits correspond to one or more
energy-demanding physiological activities of the cow.
Live weight is associated with a cow’s growth and preg-
nancy status, whereas BCS is associated with the level
of metabolizable lipid reserves. Coffey et al. (2001) com-
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bined preadjusted LWT and BCS data for the same
cows to calculate energy balance from predicted body
lipid and protein weight changes. The advantage of
using these traits is that they can become available in
a commercial dairy cattle population. Body condition
score is often part of the routine cow classiﬁcation pro-
gram, whereas LWT may be predicted from linear con-
formation traits (Koenen and Groen, 1998; Coffey et
al., 2003). Therefore, energy indicators based on these
traits can be included in population-wide genetic evalu-
ation schemes (Coffey et al., 2003). Accumulating body
lipid and protein changes predicted from BCS and live
weight may provide useful measures of total body en-
ergy content (TBEC) over the cow’s productive life.
Studies on the genetic proﬁle of this trait are largely
missing from the literature.
The objectives of the present studywere a) to estimate
the genetic variance of TBEC of cows in their ﬁrst 3
lactations, and b) to develop prediction equations of




Datawere 39,539weekly records of 444Holstein cows
in their ﬁrst 3 lactations. These cows had known pedi-
gree, had been kept at the Langhill Dairy Cattle Re-
search Centre in Scotland between 1990 and 2002, and
had participated in feed and selection trials. In these
trials, cows had been grouped according to diet (high
vs. low concentrates in a TMR) and genetic merit (se-
lected vs. control line) within diet. Milk yield and feed
intake were recorded daily. Body condition score and
LWT records were obtained weekly for these animals.
Total body energy content was calculated based on
predicted body protein and lipid changes from weekly
BCS and LWT records. Coffey et al. (2001, 2003) de-
scribed this procedure in detail. Brieﬂy, body protein
and lipid content were predicted from BCS and LWT
after adjusting the latter for gut ﬁll and weight of con-
ceptus. Dry matter intake and diet metabolizable en-
ergy content, estimated from daily feed intake, were
used to calculate gut ﬁll. Weight of conceptus was esti-
mated based on days of pregnancy, using the formula
of Bruce et al. (1984). Body protein and lipid change
were estimated by subtracting the current estimate
weekly from the previousweek.Cumulative changewas
calculated by adding the new to the sum of previous
estimates. The effective energy system proposed by Em-
mans (1994) was then used to obtain effective energy
required for cumulative body protein and lipid change;
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Table 1. Descriptive statistics of total body energy content (in MJ)
by 305-d lactation.
Lactation Mean SD Minimum Maximum
1 −123 1611 −5082 10,021
2 416 2251 −5061 12,783
3 1108 2362 −4470 12,695
All 363 2097 −5082 12,783
the sumof the 2 yielded TBEC. Table 1 gives descriptive
statistics of TBEC for a 305-d lactation.
(Co)variance Component Estimation
The following model was used to analyze weekly
TBEC records:







clnPnWm + PEl)k + eijklmn
where Yijklmn = TBEC record of cow l in week m of
lactation k; YWi = ﬁxed effect of year-week of observa-
tion i; GFj = ﬁxed effect of selection line by feeding
group interaction j; a1 and a2 = linear and quadratic
regression coefﬁcients on age at calving expressed as a
deviation from the mean; Wm = week m of lactation
k; bn = ﬁxed regression coefﬁcient associated with the
overall curve; cln = random regression coefﬁcient associ-
ated with cow l; Pn = nth Legendre polynomial of week
m (n = order of Legendre polynomial); PEl = random
permanent environment effect associated with cow l;
and eijklmn = random residual term.
At ﬁrst, all effects in model 1 were nested within
lactation k, which is equivalent to conducting a within-
lactation analysis. Higher-order permanent environ-
ment effects were also ﬁtted; however, the system failed
to converge. This was true even when the order of the
cow (genetic) effect was reduced. Therefore, the ﬁnal
within-lactation model included a linear regression on
permanent environment. Estimates of the random re-
gression coefﬁcients from the within-lactation analysis
were used to calculate variance components per week
of lactation.
Subsequently, all data were analyzed jointly in an
across-lactation analysis. Estimates from this analysis
were used to derive covariance components between
weeks of different lactations, which is equivalent to
treating the 3 lactations as different traits. In this case,
however, the permanent environment effect had to be
removed from model 1 because of estimability and con-
vergence problems. Apparently, data were insufﬁcient
to allow inclusion of all effects and simultaneous esti-
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mation of all parameters in the across-lactation
analysis.
In either case, complete cow pedigree information
available from the Langhill Dairy Cattle Research Cen-
tre was included to account for genetic relationships
between animals. In this respect, a total of 5758 animals
were included in the pedigree ﬁle. Furthermore, de-
pending on lactation stage, 7 measurement error
classes were deﬁned per lactation as follows: wk 1 to
2, 3 to 4, 5 to 8, 9 to 12, 13 to 16, 17 to 20, and ≥21.
Different residual variances were estimated per mea-
surement error class but residual variance was as-
sumed homogeneouswithin class. Covariances between
classes were assumed to be zero. All analyses were
conducted with the ASREML software package (Gil-
mour et al., 2002).
Prediction of TBEC in Second and Third Lactation
from First Lactation
Weekly animal solutions (genetic evaluations) of
ﬁrst-lactation TBEC obtained from thewithin-lactation
analysis with model 1 were used to develop prediction
equations of second- and third-lactation TBEC with
model 2:
Yijklmn = Ei + Gj + Fl + alage + Wm [2]




where Yijklmn = TBEC record of cow k in week m of
lactation 2 or 3; Ei = ﬁxed effect of year of observation
i; Gj = ﬁxed effect of selection line j; Fl = ﬁxed effect of
feeding group l; a1 = linear regression coefﬁcient on age
at calving; Wm = week m of lactation 2 or 3; bs = ﬁxed
regression coefﬁcient on genetic evaluation (S) of cow
k for any week of ﬁrst lactation, nested within week m
of lactation 2 or 3; ckn = random regression coefﬁcient
associated with cow k; Pn = nth Legendre polynomial
of week m of lactation 2 or 3; and eijklmn = random
residual term. Model 2 was applied separately to sec-
ond- and third-lactation records. In each case, sequen-
tial analyses were conducted to derive TBEC predic-
tions from all ﬁrst-lactation weeks to all second- and
third-lactation weeks.
To evaluate the accuracy of these predictions, the
data set was randomly split into 2 independent, mutu-
ally exclusive subsets. Model 2 was separately applied
to either subset and regression coefﬁcients derivedwere
then used in the other subset of data to calculate pre-
dicted TBEC. Predicted records were compared with
actual observations using the root mean square error,
mean absolute difference, and their product-moment
correlation.
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Figure 1. Least square mean phenotypic values of total body
energy content (TBEC) by week in the ﬁrst 3 lactations.
RESULTS AND DISCUSSION
Proﬁle of TBEC
Least square means for phenotypic values of TBEC
by week of lactation across the ﬁrst 3 lactations are
shown in Figure 1. These represent mean energy con-
tent estimated from cumulative body protein and lipid
changes as they accumulate over time since the cows’
ﬁrst calving, adjusted for all effects inmodel 1. Nomean
trend appeared across the 3 lactations. In ﬁrst lactation,
cows lost TBEC during the initial 8 wk, gained it back
by wk 22, and continued to build up their reserves until
wk 37, before returning to their original energy state
by the end of lactation. This drop in TBEC after wk 37
may be attributed to advanced pregnancy state com-
bined with the fact that ﬁrst-lactation cows may still be
growing, thereby demanding additional energy. Cows
started lactations 2 and 3 with considerable reserves
from the dry period that they used during the ﬁrst 13wk
of lactation, before regaining it by the end of lactation.
Coffey et al. (2002) observed similar trends in cumula-
tive body energy state predicted from animal solutions
for BCS and LWT. In the study of Coffey et al. (2002),
cumulative energy was deﬁned in reference to the onset
of each lactation.
(Co)variance Component Estimation
In this study, (co)variance components were esti-
mated with a random regression model on weeks of
lactation ﬁtted as a ﬁfth-order Legendre polynomial.
Lower order (1 to 4) polynomials were also ﬁtted but
tests based on the log likelihood ratio and Schwartz’s
Bayesian information criterion (accounting for number
of parameters to be estimated and size of the data set)
were signiﬁcant (P < 0.05) attesting to the need for a
higher order. The 5 Eigen values of the ﬁrst-lactation
(co)variance structure accounted for 94.3, 3.6, 0.2, 1.2,
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Figure 2. Estimated genetic variance of total body energy content
by week in the ﬁrst 3 lactations (SE lactation 1 = 51,800 to 184,700
MJ2; SE lactation 2 = 90,430 to 345,600MJ2; SE lactation 3 = 100,900
to 368,300 MJ2).
and 0.7% of the total variation, respectively. For second
lactation, they accounted for 90.9, 5.1, 2.0, 1.2, and 0.8%
of the variance, respectively. Finally, for third lactation,
the 5 Eigen values accounted for 86.9, 6.2, 4.4, 1.5, and
1.0% of the variance, respectively. Although in all cases,
the ﬁrst 4 Eigen values accounted for approximately
99% of the variance, there was still about 1% left for
the ﬁfth. This, along with the signiﬁcance of the 2 log
likelihood tests, led us to include the ﬁfth order in the
analysis. Furthermore, the number of inﬂection points
on the curve was at least 2 in ﬁrst lactation and one
each in second and third lactations (Figure 1), sug-
gesting that an order of 5 is biologically explainable.
Coffey et al. (2001, 2003) also considered ﬁfth-order
Legendre polynomials to model BCS and LWT, and
then combined solutions from these analyses to derive
and study daily energy balance measures. It should be
noted that ﬁtting ﬁfth-order Legendre polynomials is
computationally feasible with large (national) data
analyses of LWT and BCS records (Coffey et al., 2003;
Banos et al., 2004).
Within-Lactation Analysis
Figure 2 illustrates genetic variance estimates for
TBEC by week of lactation across the ﬁrst 3 lactations.
In general, genetic variation increased with time in all
lactations, suggesting that the animal genetic compo-
nent becomes more important as lactations progress.
Standard errors indicated that all genetic variance esti-
mates were signiﬁcantly different from zero (P < 0.05),
except for estimates in the ﬁrst 3 wk of ﬁrst lactation.
This is probably due to the fact that the trait was de-
ﬁned as cumulative energy since the cow’s ﬁrst calving,
and the genetic components had not been sufﬁciently
expressed this early in the animal’s productive life.
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Table 2. Estimated residual variance of total body energy content
(inMJ2; SE in parentheses) bymeasurement error class and lactation.
Weeks of
lactation Lactation 1 Lactation 2 Lactation 3
1 to 2 75,210 (6347) 277,973 (25,110) 362,759 (36,941)
3 to 4 109,455 (6500) 114,695 (8490) 154,534 (12,782)
5 to 8 83,673 (3502) 85,267 (4056) 117,041 (6296)
9 to 12 67,526 (2786) 87,989 (4045) 123,753 (6409)
13 to 16 87,335 (3518) 119,108 (5273) 101,740 (5311)
17 to 20 89,043 (3521) 96,979 (4351) 111,568 (5686)
≥21 104,310 (1816) 122,863 (2396) 141,642 (3058)
Residual variance estimates (Table 2) increased from
ﬁrst to later lactations, suggesting that unsystematic
sources of variation may play a bigger role in later
stages of an animal’s productive life. Residual variance
showed no marked trend within the ﬁrst lactation. In
lactations 2 and 3, residual variance was greatest at
the beginning of lactation, possibly indicating the effect
of varying dry periods. Estimates decreased in wk 3
and 4 and then remained constant for the rest of ei-
ther lactation.
Weekly heritability estimates were calculated as ra-
tios of genetic to total phenotypic variance and ranged
from 0.25 to 0.94 (SE 0.03 to 0.88) in ﬁrst lactation,
between 0.24 and 0.72 (SE 0.03 to 0.10) in second, and
from 0.40 to 0.67 (SE 0.03 to 0.07) in third lactation. In
all cases, heritability estimates increased as lactations
were progressing, reaching their highest values toward
the end of lactation. For most ﬁrst-lactation estimates,
standard errors ranged between 0.03 and 0.32. How-
ever, standard errors for the ﬁrst 3 wk were 0.60 to
0.88 and were associated with the lowest heritability
estimates, rendering them nonsigniﬁcantly different
from zero. This is consistent with the proﬁle of the
genetic variance estimate (Figure 2) and supports the
notion that TBEC, deﬁned as cumulative energy since
the onset of the cow’s productive life, can be character-
ized genetically only after the ﬁrst few weeks of ﬁrst
lactation have elapsed.
In general, heritability estimates obtained here were
expected to be high because they were based on data
from a single experimental farm with a controlled envi-
ronment; therefore, unsystematic environmental varia-
tion is expected to be small relatively to large ﬁeld data
studies. Another possible explanation of the magnitude
of these estimates is the fact that permanent environ-
ment was only ﬁtted as an intercept in model 1. At-
tempts to increase the order of the regression were
associatedwith failure to converge. Perhaps some unac-
counted-for portion of permanent environmental vari-
ance was incorporated into the genetic variance esti-
mate. Furthermore, LWT and BCS, the 2 determinant
traits of TBEC in this study, also exhibited high herita-
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Figure 3.Estimated genetic correlation between total body energy
content in wk 1 of ﬁrst lactation and later weeks of all 3 lactations.
bility in a previous analysis of data from the same farm
(Coffey et al., 2001). In that study, heritability esti-
mates ranged between 0.56 and 0.83 for ﬁrst-lactation
LWT and from 0.38 to 0.81 for ﬁrst-lactation BCS, in-
creasing for either trait with progressing lactation (Cof-
fey et al., 2001). In another study of experimental farm
data, Veerkamp et al. (2000) reported high heritability
estimates for BW (0.48 to 0.55) and DM intake (0.61),
both of which are related to energy content. Estimates
obtained from experimental farm data are expected to
be higher than estimates based on ﬁeld data analysis,
because the latter are potentially subject to more
sources of environmental variation. For example, in a
study based on commercial farm data from Ireland,
Berry et al. (2002) reported heritability estimates of
0.27 to 0.37 for BCS and 0.39 to 0.48 for BW. No herita-
bility estimates were found in the literature for TBEC;
therefore, no direct pertinent comparisons can be made
with results of this study.
Across-Lactation Analysis
Genetic correlations between wk 1, 5, and 12 of ﬁrst
lactation on one hand and all subsequent weeks in all
3 lactations on the other were estimated and are shown
in Figures 3, 4, and 5, respectively. Total body energy
content in wk 1 post ﬁrst calving had very low genetic
correlation with TBEC in the rest of the cow’s produc-
tive life (Figure 3). This is probably due to the trait
deﬁnition. The implication is that records taken this
early in a cow’s productive life are uninformative re-
garding future TBEC. After the ﬁrst month of the ﬁrst
lactation, TBEC records started showing an increasing
correlation with energy content in later life. The genetic
correlation between TBEC on wk 5 of ﬁrst lactation and
the remainder of this lactation ranged from 0.64 with
the more distant weeks to 0.99 with the immediately
subsequent weeks (Figure 4). Genetic correlation esti-
mates with TBEC in the second lactation were moder-
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Figure 4.Estimated genetic correlation between total body energy
content in wk 5 of ﬁrst lactation and later weeks of all 3 lactations.
ately high (0.68 to 0.70) for the early weeks (1 to 8) and
decreased gradually to 0.56 for weeks at the end of
lactation (Figure 4). For third lactation, these estimates
ranged from 0.53 to 0.63 (Figure 4). Genetic correlation
estimates of TBEC inwk 12 of ﬁrst lactationwith subse-
quent ﬁrst lactation weeks varied from 0.79 to 0.99,
whereas they ranged between 0.65 and 0.77 and be-
tween 0.57 and 0.68 with second and third lactation,
respectively (Figure 5). The genetic correlation between
TBEC after wk 12 of the ﬁrst lactation with the rest of
productive life steadily increased as the ﬁrst-lactation
record approached the end of lactation, but the improve-
ment diminished.
Figure 6 depicts the genetic correlation estimates be-
tween TBEC in the 44 wk of ﬁrst lactation and wk 13
of second and third lactation. Week 13 coincides with
the nadir of TBEC in these lactations (Figure 1), which
may be associated with reduced fertility and increased
disease susceptibility. Genetic correlation estimates in-
creased as the stage of ﬁrst lactation progressed, reach-
ing the maximum value in wk 27 to 37; however, the
increase was especially steep during the ﬁrst 5 wk,
slowing down considerably afterwards. In fact, the ge-
Figure 5.Estimated genetic correlation between total body energy
content in wk 12 of ﬁrst lactation and later weeks of all 3 lactations.
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Figure 6.Estimated genetic correlation between total body energy
content in the 44 wk of ﬁrst lactation and wk 13 (week of minimum
body energy content) in second () and third () lactations.
netic correlation between wk 5 of ﬁrst lactation and
wk 13 of second and third lactation was 76% of the
maximum genetic correlation in either case. These re-
sults suggest that TBEC records taken amonth or more
after ﬁrst calving may give useful information about
the future energy content of a cow.
As with heritability, genetic correlation estimates be-
tween TBEC at various stages of a cow’s lactation are
missing from the literature. However, there are reports
on the 2 traits (BCS and LWT) that were used here to
calculate TBEC. Coffey et al. (2001) analyzed data from
the same experimental farm as this study and reported
genetic correlation estimates ranging between 0.77 and
1.00 for LWT and from 0.17 to 1.00 for BCS. In another
study based on ﬁeld data, Banos et al. (2004) estimated
genetic correlations ranging between 0.50 and near
unity for BCS. In all cases, estimates were highest for
consecutive DIM and decreased for more distant stages
of lactation, a trend that was also observed in the pres-
ent study.
Prediction of TBEC in Second and Third
Lactation from First Lactation
When weekly animal genetic evaluations for ﬁrst-
lactation TBEC were used to predict second and third
lactation TBEC, the proportion of the variance ac-
counted for by the predictor ranged from 0.l4 to 0.63
and 0.14 to 0.53, respectively (Figure 7). These were
the average values obtained by comparing predicted
and actual values in 2 independent datasets. In each
case, regression coefﬁcients calculated on one data set
were applied to the other, and vice versa. The propor-
tion of the variance accounted for was calculated as
the square of the product-moment correlation between
predicted and actual TBEC. Genetic evaluations for wk
Journal of Dairy Science Vol. 88, No. 7, 2005
Figure 7. Proportion of total phenotypic variance of total body
energy content in second () and third () lactations predicted from
weekly ﬁrst-lactation animal genetic evaluations.
37 in ﬁrst lactation yielded the most accurate predic-
tions for both second and third lactation. However, the
improvement in prediction accuracy diminished rapidly
afterwk 5 of the ﬁrst lactation. These results are corrob-
orated by the mean absolute difference between actual
second or third lactation records and predicted values
from ﬁrst-lactation genetic evaluations (Figure 8).
These, too, are averages from deriving predictions in 2
independent data sets. As the ﬁrst lactation progressed,
mean absolute difference decreased, reaching its lowest
in wk 37 and 36 for second and third lactation predic-
tions, respectively. However, about three-fourths of the
improvement occurred by wk 5. Very similar results
were obtained from the root mean square error calcula-
tion between observed and predictedTBEC (not shown).
All factors included in model 2 had a signiﬁcant (P
< 0.05) effect on TBEC in second and third lactation.
In separate analyses, lowerLegendre polynomial orders
were ﬁtted or the cow effect was removed altogether.
However, the goodness of ﬁt, evaluated by the log likeli-
hood and the residual variance estimate, was signiﬁ-
Figure 8. Mean absolute difference between actual total body
energy content (TBEC) in second () and third () lactations and
predicted from weekly ﬁrst-lactation animal genetic evaluations.
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cantly (P < 0.05) impaired. In addition, the accuracy of
prediction, assessed by the comparison of actual and
predicted values, was reduced.
The following equation is shown for illustration pur-
poses and was derived for the prediction of TBEC in
wk 13 of the second lactation (coincidingwith the lowest
TBEC value in this lactation) from genetic evaluation
for wk 5 of ﬁrst lactation, using model 2 and all avail-
able data:
TBEC = 1221.45 − 25.77 × age + 1.19
× proof + line + diet
where TBEC is total body energy content in wk 13 of
second lactation, age is the age of the cow at second
calving, and proof is the genetic evaluation of the cow
for wk 5 in ﬁrst lactation. The variable “line” had a
value of 0 for control and −387.90 for selected line ani-
mals. The variable “diet” had a value of 0 for animals
in the low and 57.26 for animals in the high-concentrate
diet group. The constant (1221.45) is the average solu-
tion for all year effects plus the intercept solution for
wk 13. Similar equations were derived for predicting
TBEC in any second and third lactation week from
genetic evaluations for any week of ﬁrst lactation.
In this study, model 2 included the effects of group
and diet to account for the fact that data used were from
a selection experiment. Both effects were signiﬁcant
suggesting that, ideally, different predictions should be
derived depending on feeding and selection practices on
the farm.However, any relevant information is likely to
be missing from ﬁeld data and would be unavailable
should the proposed methodology be applied on a na-
tional scale. Therefore, new equations will have to be
derived for futureTBECpredictions, reﬂecting the over-
all feeding and selection practices prevalent on commer-
cial farms.
In the present study, TBEC was calculated based on
weekly phenotypic records for BCS and LWT. Pre-
viously, Coffey et al. (2003) used animal solutions from
univariate random regression analyses of these 2 traits
to calculate daily and lactation energy measures. The
advantage of their approachwas that sources of system-
atic variation pertinent to either BCS or LWT were
separately dealt with. However, TBEC calculated in
this study is an unregressed energymeasure exhibiting
its full phenotypic variation, allowing for more accurate
genetic analysis and estimation of variance com-
ponents.
Total body energy content calculated in this study
described the cow’s energy changes as they accumulate
over its productive life. In the United Kingdom, the 2
component traits (BCS and LWT) are available in a
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commercial cowmonitoring program,whereBCS is rou-
tinely assessed on ﬁrst-lactation heifers and LWT can
be predicted from linear conformation traits. Coffey et
al. (2003) reported correlation of 0.92 between actual
LWT and predicted from classiﬁcation scores of ﬁrst-
lactation Holsteins. Although an estimate of gut ﬁll
may still be needed for the ﬁnal calculations of TBEC
and feed intake records are absent from population
data, experimental values can be used to ﬁll in the
missing information. Therefore, TBEC of ﬁrst-lactation
heifers can be routinely calculated and genetically eval-
uated, offering a useful selection tool. It should be noted
that, in such case, genetic evaluations would have to
be based on a sire model with repeated observations
(daughters) per sire (Coffey et al., 2003; Banos et al.,
2004), because no repeated records per cowwill be avail-
able. Furthermore, based on results from the present
study, weekly ﬁrst-lactation genetic evaluations can
also be used to predict second- and third-lactation
TBEC of Holstein sire daughters in herds participating
in the national linear classiﬁcation scheme.
Having established the genetic proﬁle of TBEC, it
is important to understand its true relationship with
health and reproductive traits. Knowing the genetic
correlation of TBEC in ﬁrst lactation with disease fre-
quency and fertility throughout the cow’s productive
life would facilitate selection decisions for the genetic
improvement of these important functional traits.
CONCLUSIONS
Results from this study suggest that genetic evalua-
tions for ﬁrst-lactation TBEC can be routinely calcu-
lated. This can assist in the identiﬁcation and selection
of animals less prone to lose energy content during their
productive life. Furthermore, genetic evaluations for
TBEC in weeks after the ﬁrst 4 wk in ﬁrst lactation
may be used to derive accurate predictions of TBEC in
second and third lactation.
ACKNOWLEDGMENTS
This work was ﬁnanced by Avoncroft Sires Ltd.,
BOCM Pauls Ltd., CIS, Cogent, Dartington Cattle
Breeding Trust, Genus Breeding Ltd., Holstein UK,
NationalMilkRecords plc, Royal Society for the Preven-
tion of Cruelty to Animals, and Department for Envi-
ronment, Food, and Rural Affairs, in the Sustainable
Livestock Production LINKprogram, and based on data
collected under a grant from Scottish Executive Envi-
ronment and Rural Affairs Department. Contribution
of data from the Langhill Dairy Cattle Research Centre,
Scotland, stewarded by Ross McGinn, is gratefully ac-
knowledged.
TOTAL BODY ENERGY CONTENT IN LACTATION 2623
REFERENCES
Banos, G., S. Brotherstone, andM. P. Coffey. 2004. Evaluation of body
condition score measured throughout lactation as an indicator of
fertility in dairy cattle. J. Dairy Sci. 87:2669–2676.
Beam, S. W., and W. R. Butler. 1998. Energy balance, metabolic
hormones, and early postpartum follicular development in dairy
cows fed prilled lipid. J. Dairy Sci. 81:121–131.
Berry, D. P., F. Buckley, P. Dillon, R. D. Evans, M. Rath, and R. F.
Veerkamp. 2002. Genetic parameters for level and change of body
condition score and body weight in dairy cows. J. Dairy Sci.
85:2030–2039.
Bruce, J. M., P. J. Broadbent, and J. H. Topps. 1984. A model of
the energy system of lactating and pregnant cows. Anim. Prod.
38:351–362.
Coffey, M. P., G. C. Emmans, and S. Brotherstone. 2001. Genetic
evaluation of dairy bulls for energy balance traits using random
regression. Anim. Sci. 73:29–40.
Coffey, M. P., G. Simm, and S. Brotherstone. 2002. Energy balance
proﬁles for the ﬁrst three lactations of dairy cows estimated using
random regression. J. Dairy Sci. 85:2669–2678.
Coffey, M. P., G. Simm,W. G.Hill, and S. Brotherstone. 2003. Genetic
evaluations of dairy bulls for daughter energy balance proﬁles
using linear type scores and body condition score analyzed with
random regression. J. Dairy Sci. 86:2205–2212.
Collard, B. L., P. J. Boettcher, J. C. M. Dekkers, D. Peticlerc, and L.
R. Schaeffer. 2000. Relationships between energy balance and
health traits of dairy cattle in early lactation. J. Dairy Sci.
83:2683–2690.
Journal of Dairy Science Vol. 88, No. 7, 2005
De Vries, M. J., S. Van Der Beek, L. M. T. E. Kaal-Lansbergen,
W. Ouweltjes, and J. B. M. Wilmink. 1999. Modelling of energy
balance in early lactation and the effect of energy deﬁcits in early
lactation on ﬁrst detected estrus postpartum in dairy cows. J.
Dairy Sci. 82:1927–1934.
De Vries, M. J., and R. F. Veerkamp. 2000. Energy balance of dairy
cattle in relation to milk production variables and fertility. J.
Dairy Sci. 83:62–69.
Emmans, G. C. 1994. Effective energy: A concept of energy utilization
applied across species. Br. J. Nutr. 71:801–821.
Gilmour, A. R., B. J. Gogel, B. R. Cullis, S. J. Welham, and R. Thomp-
son. 2002. ASREML User Guide. Release 1.0 VSN International
Ltd., Hemel Hempstead, UK.
Kendrick, K. W., T. L. Bailey, A. S. Garst, A. W. Pryor, A. Ahmadza-
deh, R. M. Akers, W. E. Eyestone, R. E. Pearson, and F. C. Gwaz-
dauskas. 1999. Effects of energy balance on hormones, ovarian
activity, and recovered oocytes in lactating Holstein cows using
transvaginal follicular aspiration. J. Dairy Sci. 82:1731–1740.
Koenen, E. P. C., and A. F. Groen. 1998. Genetic evaluation of body
weight of lactating Holstein heifers using body measurements
and conformation traits. J. Dairy Sci. 81:1709–1713.
Reist, M., A. Koller, A. Busato, U. Kupfer, and J. W. Blum. 2000.
First ovulation and ketone body status in the early postpartum
period of dairy cows. Theriogenology 54:685–701.
Veerkamp, R. F., J. K. Oldenbroek, H. J. Van der Gaast, and J. H.
J. Van der Werf. 2000. Genetic correlation between days until
start of luteal activity and milk yield, energy balance and live
weights. J. Dairy Sci. 83:577–583.
